Abstract: A revision rotator cuff repair is a technically challenging surgical procedure. This can be further complicated by the presence of poor quality of the cuff tissue, as well as a large greater tuberosity cyst, typically located at the rotator cuff footprint. This Technical Note discusses the surgical approach to deal with a revision rotator cuff tear with a large humeral head cyst. This described arthroscopic technique is performed in a single-stage procedure using a human dermal allograft (GraftJacket) for augmentation. This technique was specifically designed to (1) address the limited area for anchor placement, (2) use a bone graft, demineralized bone matrix, for repairing the bone cyst, and (3) optimize the biology for healing by augmenting the reconstruction with GraftJacket.
B
one cysts on the proximal humerus are common pathological changes that are being increasingly reported in the literature. The literature suggests that the pathologic processes leading to the formation of these cysts could be related to aging, rotator cuff pathology, or as a reaction to previously used bioabsorbable suture anchors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The cysts are commonly reported in the greater tuberosity (GT) area, located posteriorly under the infraspinatus tendon, or the anteriorly under the supraspinatus. These anterior cysts have a statistically significant correlation with rotator cuff injury. 4 The key to a successful rotator cuff repair is optimizing the environment to allow for tendon healing, which is especially important in revision surgery, and also, achieving good mechanical fixation of the tendon to its footprint. Accomplishing these 2 conditions in a single-stage surgery could be technically challenging in the presence of a large GT cyst.
This described arthroscopic technique is used to treat a large GT cyst resulted from an initial rotator cuff bridging reconstruction with a human dermal allograft. This procedure, illustrated in Video 1, uses a second human dermal allograft, GraftJacket (Wright Medical Technology, Arlington, TN) in an augmentation configuration, as well as bone grafting to treat the large humeral head cyst.
Surgical Technique
Step 1: Preoperative Evaluation
Preoperative assessment for failed cuff repair begins with a detailed history and physical examination. Important findings indicating recurrence of the tear include recurrent pain and weakness that do not respond to a period of physiotherapy and antiinflammatory pain medications. Magnetic resonance arthrogram confirms the diagnosis and helps identify humeral head cysts that could increase the difficulty of the repair (Fig 1) .
Step 2: Positioning, Arthroscope Introduction, and Diagnostic Assessment
Under general anesthesia, the patient is positioned in the lateral decubitus position. The arm position is maintained in 45 of abduction using the SPIDER2 Arm positioner (TENET Medical Products, Smith & Nephew, Andover, MA) (Fig 2) . After marking the skin for the portals, a posterior viewing portal is created. The camera is introduced through the posterior viewing portal and a diagnostic arthroscopy is performed to assess the glenohumeral joint. The rotator cuff tendons are checked for tears and retraction from the intra-articular space. The arthroscope is introduced in the subacromial space. The previous human dermal allograft healed at the tendon graft junction with good amount of neovascularization within the graft (Fig 3) . The graft tore off from the GT.
An anterior portal is created using an inside-out technique followed by a lateral portal just anterior to the 50-yard line in an outside-in fashion to be used as a working portal and to pass the graft into the joint. A posterior-lateral portal is created as well and used as a visualization portal (refer back to Fig 2 for portal positioning). Two 7-mm Drydoc (Conmed/Linvatec, Largo, FL) cannulas are inserted in the anterior and posterior portals to be used as working portals for the repair. A PassPort cannula (Arthrex, Naples, FL) inserted in the lateral portal will facilitate the insertion of the GraftJacket.
Step 3: Cyst Assessment and Repair
The GT is debrided using a shaver to remove the remaining cuff tissue and then using a burr to create a bleeding healthy bone surface for the rotator cuff repair (Fig 4) . There is also significant scarring between the cuff and the under surface of the acromion. A radiofrequency ablation device is introduced from the lateral portal to release the scar tissue (Fig 5) . A large cyst filled with gelatinous material is then identified in the GT, which is believed to represent a biological response to the previously used bioabsorbable anchor (Fig 6) . The cyst here measured 3 cm in width, depth, and length. Once the contents of the cyst are removed, the bone inside the cyst is lightly burred to obtain a bleeding bone surface (Fig 7) . The cuff edge is debrided to a more healthy-looking tendon (Fig 8) . The cuff tendon mobility is then assessed using a grasper to determine the ability to mobilize it to the medial footprint with minimal tension for a direct repair (Fig 9) . Three ThRevo metal suture anchors (Conmed/Linvatec) are placed at the articular margin of the humeral head, angled toward the subchondral bone to optimize the pullout strength of the anchors (Fig 10) . Using direct observation, the anchor placement is confirmed to be outside of the cyst and not penetrating the articular surface (Fig 11) .
Step 4: Tendon Repair and GraftJacket Implantation
The tendon is repaired back to the footprint using 9 simple sutures from the 3 previously described anchors. Looking laterally and using a 45 angle suture passer from the posterior portal, sutures from the anchors are shuttled from posterior to anterior to repair the tendon in a simple suture fashion (Figs 12 and 13) . A GraftJacket allograft, 3 cm in width by 3 cm in length, is then prepared with 6 short tailed interference knots 13 (Fig 14) . A 45 left and right Spectrum suture passer (Conmed/Linvatec) is used to shuttle the (Fig 15) . Once inside the shoulder, the sutures through the anterior and posterior cannulas are tensioned to unroll the graft. Each suture is then individually retrieved through the lateral portal and tied using SMC knots onto the tendon side.
Step 5: Final Anchors and Demineralized Bone Matrix Injection
Through the lateral portal, the remainder of the graft is secured with 2 ReelX anchors (Stryker, Denver, CO) over the lateral edge of the GT. These 2 knotless anchors are placed lateral to the GT, away from the cyst, achieving optimal mechanical fixation and covering the opening of the cyst. Before final tensioning of the lateral row anchors, demineralized bone matrix (DBM) is injected through a 10-cc syringe to fill the cyst (Fig 16) . The GraftJacket augmentation is then tightened to completely cover the large cyst (Fig 17) .
Step 6: Postoperative Rehabilitation Postoperatively, the patients are managed similar to those with large rotator cuff repairs. Patients are supported in an abduction sling for 6 weeks, removing it daily to perform Codman pendulum, elbow, wrist, and hand exercises. Formal therapy begins at 6 weeks. Pool therapy is very helpful at 6 to 8 weeks to allow passive motion without stress on the healing graft. Active and active-assisted elevation exercises allowed at 8 weeks and gentle strengthening at 12 weeks.
Discussion
Bone cysts in the humeral head can pose technical challenges when trying to repair or reconstruct the rotator cuff tendon back to its footprint. We present our technique to maximize the repair strength and healing potential of a large humeral bone cyst using a single surgical approach. The suture anchors are strategically placed medial to the cyst, and using a graft, this repair is augmented. Using a second row of anchors over the lateral edge of the GT, the bone graft is contained inside the humeral cyst to maximize healing potential.
DBM is used for grafting the cyst due to the size of the cyst, as well as the ease of injecting DBM arthroscopically. This also has the added benefit of avoiding autograft harvest morbidity. DBM is a commercial bone substitute, prepared from allograft. It has been shown to have both osteoinductive and osteoconductive properties close to that of an autogenous iliac crest bone graft. angled Spectrum Suture Passer is used to pass the sutures through the edge of the cuff to perform the primary repair of the tendon. 
FAILED ROTATOR CUFF RECONSTRUCTION WITH CYST
Human dermal allograft (GraftJacket) is used as a bridging or augmentation material for massive retracted primary or revision rotator cuff tears, reported with good short-to medium-term outcomes in the literature. 13, [15] [16] [17] [18] [19] It has been shown that healing rates with augmented repairs increase radiographic success from 40% to 85%. 17 Our technique has the advantage of being a singlestage arthroscopic technique that enables the surgeon to reconstruct the cuff and re-establish the bone stock in one operation (Table 1) . Also, it has the advantage of avoiding the use of autograft with its associated donor site morbidity. Some of the disadvantages of the procedure include the technique complexity, which makes it relatively longer than the routine shoulder arthroscopic procedures. The surgeon performing the procedure requires advanced arthroscopic skills and familiarity with the arthroscopic GraftJacket reconstruction technique to make the procedure more efficient. We recommend using low pump pressure during the procedure and the use of inflow-outflow pumps with an outflow portal. We find that these pumps are better in controlling the inflow of arthroscopy fluid to the shoulder than other types of pumps. One of the other limitations to this technique is the availability and expense of the GraftJacket and DBM bone graft, which could be an issue in some community hospital settings.
There have been few techniques published to address humeral head cysts. Our technique is similar to what was described by Kim et al. 7 They described their technique of using medial and lateral rows of anchors after filling the cyst with allograft or autograft and tamping it down with an impactor. Agrawal and Stinson 8 described their technique dealing with the humeral head cysts by using synthetic TruFit plugs (Smith & Nephew, San Antonio, TX) composed of calcium sulfate bone graft substitute that is designed to be used for osteochondral lesions with good success. Burkhart and Klein 2 described a technique to address these large cysts by impacting the bone chips using the osteochondral autograft transfer system (Arthrex) impactors, and then using suture anchors within the impacted bone area. The technique described in this Technical Note could lower the risk of failure, by attempting to avoid using any fixation points in the cyst/bone graft cavity, which is believed to put greater tension on the anchor-bone interface leading to failure. Table 2 describes the pearls of the technical procedure.
Conclusions
This surgical technique addresses the challenge of dealing with revision rotator cuff tears, with a large humeral cyst in the GT footprint. We describe a singlestage technique that is designed to optimize the biological and biomechanical environment for healing rotator cuff tears and grafting a humeral bone cyst while avoiding the donor site morbidity of autogenous bone grafting. We also recommend the use of nonabsorbable anchors for rotator cuff surgery to avoid cyst formation.
